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STETHOSCOPE WITH FLOATING DIAPHRAGM 

BACKGROUND OF THE INVENTION 

The present invention relates to Stethoscopes. More 
particularly, it relates to the head or chest piece portion 
of a stethoscope and to ‘improved means for mounting a 
diaphragm on the chest piece." 

Stethoscope chest pieces or heads are typically con- I 
structed with opposed bell and diaphragm sides or 
heads. Stethoscope heads of this type'are described in 
US. 'Pat. Nos. 3,108,652; 3,l52,659;'- 3,215,224; 
3,224,526;'3,276,536; 3,303,903; and 3,515,239. 
The diaphragm used in stethoscope heads has a rela 

tively high degree’ of acoustical stiffness. Acoustical 
stiffness is a function of the mechanical stiffness of the 
diaphragm, the thickness and diameter of the dia 
phragm and the manner in which the diaphragm is 
suspended or supported within the stethoscope head. 
The higher the degree of acoustical stiffness, the greater 
the attenuation of low frequency sounds?Hence, the 
diaphragm side of the stethoscope head is primarily 
used to monitor high frequency sounds. 
The open bell side of ‘the stethoscope head, on the 

other hand, is' generally used to monitor low frequency 
sounds. Although the bell captures all of the sound 
energy within its periphery, it ‘is best suited ‘formo‘nitor 
ing low frequency sounds. This is primarily a conse 
quence of the psychoacou'stic phenomenon whereby 
low frequency sounds tend to mask high frequency 
sounds. For example, if there are sounds of two differ 
ent frequencies within the volume of the bell, the lower 
frequency sound'will tend to dominate. Also, in the case 
of the human body, it is the lower frequency sounds that 
generally have the greater energy. This heightens the 
masking of the higher frequency sounds by the lower 
frequency sounds. ,. 

One major drawback of stethoscope heads having 
opposed diaphragm and bell sides heads is that the 
wearer mustv remove the chest piece from the patient’s 
skin in order to switch from one side to the other. This 
results in an interruption in the sound pattern between 
high and low frequency sounds and makes subtle abnor 
malities more difficult to detect. 

Stethoscope head constructions are known which are 
designed to permit detection of ‘a range of frequencies 
without the physician having to remove the stethoscope 
head from the patient’s skin. For example, US. Pat. No. 
3,109,508 discloses a stethoscope head which comprises 
three sound receiving heads. One of the sound receiving 
heads comprises a diaphragm which can be distorted to 
vary the volume of the chamber enclosed by the dia 
phragm. Concommitment with the change-in volume of 
the chamber is a change in the acoustical stiffness of the 
diaphragm. The ability to change the volume of the 
chamber is said to permit “tuning in” of the particular 
sound or vibration to be detected. Unfortunately, the 
frequency response of this particular sound receiving 
head is not believed to be optimized. Even in its totally 
relaxed state where the acoustical stiffness is minimized 
and the sensitivity to low frequency sounds is maxi 
mized, the diaphragm still exhibits'an acoustical stiffness 
which is not optimized for detection of low frequency 
'sounds. This is a result of the traditional manner in 
which diaphragms have been tightly or rigidly affixed 
to the heads. Consequently, it is often necessary to em 

20 

25 

30 

65 

2 
ploy one of the other two sound receiving heads in the 
detection of sounds of such frequency. 

' US. Pat. No. 3,157,246 discloses a stethoscope con 
struction comprising a diaphragm which is upwardly 
arched from the bowl of the stethoscope head. The 
acoustical stiffness of the diaphragm is varied by vary 
ing the pressure with which it is applied to the body. In 
this manner, the'frequency response to the stethoscope 
is said to be widened. It is believed, however, that, as 
with the stethoscope head described in US. Pat. No. 
3,109,508, the minimum acoustical stiffness of the dia 
phragm of the stethoscope head is not low enough to 
optimize sensitivity to low frequency sounds since the 
diaphragm is tightly clamped around its periphery. The 
prior stethoscope head constructions and prior methods 
for using the stethoscope heads emphasize the need for 
tension in the diaphragm to enhance response to sounds. 
The prior art also emphasizes the need to tightly clamp 
the diaphragm at the periphery to prevent sound leaks. 
Examples of other attempts to broaden the frequency 
response range of the diaphragm head are found in US. 
Pat. Nos. 3,179,204 and 3,307,650. However, in each 
case, the diaphragm is tightly af?xed at the periphery. 

. In the. past, the bell side of a traditional stethoscope 
head has been more versatile than the diaphragm side. 
By decreasing the pressure with which the bell is ap 
plied to the skin, sounds at the lower end of the lower 
frequency have been accentuated. The lower limit, for 
this decreased pressure, is that point at which the pe 
riphery of the bell no longer completely stops sound 
leaks. When sound leaks in or out, the ef?cacy of the 
bell is compromised. Sound energy is either lost from 
within the bell, resulting in reduced efficacy, or interfer 
ence leaks in, masking the sounds to be monitored. In 
creasing the pressure with which the bell is applied to 
the skin begins to approximate the results attainable 
from a diaphragm. The skin is stretched over the rim of 
the bell, causing the skin to respond much as a dia 
phragm. Sounds in the high frequency range are 
thereby accentuated. The upper limit for this increased 
pressure is the point at which the skin actually enters 
the volume of the bell and appreciably blocks the cen 
tral sound aperture. 
The diaphragm, on the other hand, has not been as 

traditionally versatile. Increasing the pressure with 
which the diaphragm is applied to a patient’s skin has a 
lesser effect on the already stiff system. Conversely 
reduction of application pressure cannot relax the dia 
phragm below its natural state of tension as it has been 
traditionally secured in the past. 
The advantages of a diaphragm, over a bell, in use in 

monitoring internal body sounds are many. First, it need 
not be applied to the skin with as much force as the bell 
since leaks are prevented by the seal between the dia 
phragm and the periphery of the chest piece, and sound 
is transmitted through the sealed diaphragm rather than 
relying on the seal formed between the entire periphery 
and ‘the skin, as in the case of the bell. Similiarly, the 
volume. of the diaphragm side of the stethoscope need 
not be nearly as great as that of the bell. That is primar 
ily because there is no risk of skin entering the volume 
and thereby blocking the sound aperture. This has, in 
the past, resulted in slimmer diaphragm head construc 
tions than bell constructions. This is particularly impor 
tant when the stethoscope is used under clothing. Also, 
since the diaphragm need not be applied with great 
force to the skin to create a seal, but instead only lightly 
contact the skin, it is particularly useful in accident 
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cases where it may be quickly and efficiently employed 
without removing the garments of the patient. It may 
actually be used over clothing when removal is not 
practical. _ 
The stethoscope head of the present invention takes 

advantage of the many desirable features of the dia 
phragm head and renders the diaphragm more versatile 
by broadening the frequency response range by im 
proved means of attaching the diaphragm to the chest 
piece. 

SUMMARY OF THE INVENTION 

According to the invention, there is provided a 
stethoscope head comprising a diaphragm that is 
loosely af?xed at its periphery to the head, rather than 
tightly af?xed as in the stethoscope heads of theprior 
art. This provides a “?oating” diaphragm having a 
greatly increased frequency response range. The stetho 
scope head comprises a body having a bore therein,‘ a 
diaphragm head connected to the body including a 
sound receiving portion and having an aperture therein 
communicating with the bore to conduct sound from 
the sound receiving portion into the bore, a hollow stern 
snugly ?tted into the bore and having at least one open 
ing capable of alignment with the bore, a diaphragm 
including upper and lower surfaces mounted across the 
sound receiving portion, and retaining means for 
mounting the diaphragm. The improvement according 
to the present invention is characterized in that the 
sound receiving portion includes a substantially planar 
peripheral surface capable of mating with the peripheral 
portion _of the upper surface of the diaphragm to pre 

10 

vent the passage of sound energy there between and ' 
further characterized in that the retaining means in 
cludes means for loosely mounting the diaphragm at its 
periphery whereby movement of the diaphragm in a 
plane perpendicular to the plane of the upper surface of 
the diaphragm is permitted and whereby mating of the 
peripheral portion of the upper surface of the dia 
phragm and the substantially planar peripheral surface 
of the sound receiving portion is permitted to prevent 
the passage of sound energy there between. 
The new, loosely af?xed, diaphragm construction 

allows the diaphragm to respond much as a bell re 
sponds in the low frequency range and as a traditional 
diaphragm responds in the high frequency range. It 
eliminates the need to employ multiple heads in the 
detection of sounds normally monitored within the 
human body. The physician may rapidly alternate be 
tween the monitoring of low frequency and high fre 
quency sounds without removing the diaphragm from 
the skin and without losing the impression from the 
previously-heard sound before the next sound is moni 
tored. The elimination of multiple heads allows for 
slimmer constructions and increased versatility in use. It 
may be easier used under clothing. It is also more re 
sponsive over clothing, particularly when monitoring 
low frequency sounds. 

Other objects and advantages of the invention will 
become apparent from the following drawings‘wherein 
like numerals refer to like parts, the accompanying 
description and the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS ' 

FIG. 1 an exploded, side elevational view, with parts 
broken away and parts in section, of a stethoscope head 
with a loosely-affixed diaphragm. 
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4 
FIG. 2 is an enlarged partial sectional view of the 

diaphragm head and retaining ring portion of the 
stethoscope head of FIG. 1. 
FIG. 3 is an enlarged partial sectional view of an 

alternative diaphragm head and retaining ring portion 
for the stethoscope head of FIG. 1. ‘ 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to the drawings wherein like reference 
characters designate like parts throughout the several 
views, a stethoscope head 10 is shown with a conven 
tional bell-shaped open bell 12 in back-to-back relation 
with a diaphragm head 14 separated by an intermediate 
body portion 16. At the apex of hell 12 and diaphragm 
head 14 are aligned apertures 18 and 20 respectively. 
Apertures 18 and 20 communicate with bore 22 through 
body 16. Apertures 18 and 20 are aligned substantially 
perpendicular to the longitudinal axis of bore 22. 
Body 16 is fitted with a conventional tubular stem 24. 

Stem 24, in turn, is conventionally adapted to rotate 
within and relative to body portion 16 and has conven 
tional aligning means to align at least one opening (not ' 
shown) in stem 24 with either aperture 18 or 20 to pro 
vide a sound passageway from the selected and prop 
erly aligned bell 12 or diaphragm head 14 to stem 24. 
Stem 24 is adapted to be connected to a conventional 
binaural head set (not shown). A speci?c stethoscope 
head construction may vary greatly in accordance with 
known practice and may in some cases comprise a sin 
gle diaphragm head 14 rather than a dual-head con 
struction such as that illustrated in FIG. 1. 

Bell 12 has a continuous peripheral rim 26. Rim 26 lies 
in a plane spaced outwardly from and at all places equi 
distant from central aperture 18. This rim is continuous 
with an outer annular wall 28 and an inner annular wall 
30. 
An annular cover 32 covers rim 26 of bell 12. Cover 

32 is preferably formed of ‘a ?exible and resilient mate 
rial. It may be formed of a neoprene or other synthetic 
rubber material which may be stretched or distorted to 
be snapped over rim 26. Cover 32 is formed with op 
posed and spaced apart annular side walls 34 and 36. 
Outside wall 36 is longer than inside wall 34. Side walls 
34 and 36 are interconnected by an annular web 38 and 
are relatively thick to provide cushioning cover 32 over 
rim 26. Web 38 is integral with side walls 34 and 36 and 
forms the top of cover 32. Side walls 34 and 36 engage 
the inner side wall 30 and the outer side wall 28 respec 
tively of bell 12 adjacent rim 26 to hold cover 34 in 
place. 

Turning now to the diaphragm side of stethoscope 
head 10, diaphragm head 14 is shown in FIG. 1 to in 
clude a diaphragm 40 and retaining ring 42. Diaphragm 
40 is substantially planar and circular in con?guration as 
well known in the art. It may be comprised, for exam 
ple, of ?berglass and epoxy resin, various plastics, or 
thin metal sheets. Retaining ring 42 may, similarly, be 
comprised of a plastic or suitable metal material. Retain 
ing ring 42 has an upper annular ridge 44 and a lower 
annular ridge 46. Ridges 44 and 46 are interconnected 
by annular body 48. Body 48 may be integral with 
ridges 44 and 46. 
The assembly of diaphragm 40 and retaining ring 42 

with diaphragm head 14 is shown in FIG. 2. Upper 
annular ridge 44 of retaining ring 42 ?ts snugly within 
annular notch 50 of diaphragm head 14. Annular notch 
50, as also shown in FIG. 1, is continuous and extends 
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around the periphery of diaphragm head 14. An alterna 
tive embodiment is shown in FIG. 3 and is described 
below. 

Referring again to FIG. 2, diaphragm 40 is loosely 
supported by annular ridge 46 of retaining ring 42. 
Space 52 is provided between the upper, peripheral 
surface 54 of diaphragm 40 and the lower, peripheral 
mating surface 56 of diaphragm head 14. Surface 56 is. 
substantially planar and circular in shape and contacts 
surface 54 of diaphragm 40 when diaphragm head 14 is 
pressed against the patient to produce a seal prohibiting 
the passage of sound energy therebetween. When not 
pressed against the patient, the lower peripheral surface 
58 of diaphragm 40 rests on the upper surface 60 of 
ridge 46 of retaining ring 42. The diameter of dia-. 
phragm 40 is smaller than the inside diameter of body 48 
to allow diaphragm 40 to move from surface 60 of ridge 
46 to surface 54 of diaphragm head 14 when diaphragm 
head 14 is pressed against the’ patient. This is accom 
plished by diaphragm 40 moving within inside cylindri 
cal side wall 64 of body 48. 
Diaphragm head 14 is assembled by ?rst snapping 

diaphragm 40 between ridge 44 and ridge 46 and resting 
the surface 58 of diaphragm 40 on surface 60 of ridge46. 
Next, ridge 44 is snapped over exterior cylindrical side 
wall 65 of diaphragm head 14 and snugly ?tted within 
mating notch 50. Once assembled, inside cylindrical 
side wall 64 of body 48 is juxtaposed and preferably 
pressed against exterior cylindrical side wall 65 of head 
14 by the dimensioning of diaphragm head 14 and body 
48, i.e., the outside diameter of diaphragm head 14 is 
slightly largerthan the inside diameter of body 48. 

Space 52 must be of sufficient vertical height to allow 
diaphragm 40 to move freely up and down between 
surface 60 of ridge 46 and surface 54 of head 14. But at 
the same time, it must not be so large as to allow dia 
phragm 40 to fall out of ridge 46. It is generally prefera 
ble to have space 52 somewhat smaller than the width 
of diaphragm 40. This allows relatively free movement 
of diaphragm 40 while simultaneously preventing dia 
phragm 40 from falling out of ridge 46. In actual use, the 
dimensions of diaphragm 40 and space 52 are deter 
mined by the overall size of stethoscope head 10 and the 
radial depth of surface 60 of ridge 46. Again, what is 
important is that diaphragm 40 be loosely held within 
ring 42 with sufficient retaining means to prevent dislo 
cation. 
An alternative manner of loosely af?xing diaphragm 

40 is shown in FIG. 3. Space 52 is again provided but by 
an alternative ring 42a. Ring 42a has a threaded portion 
66. Diaphragm head 14a is similarly threaded at periph 
ery 68. Diaphragm head 14a is assembled by ?rst plac 
ing diaphragm 40 on ridge 70 of ring 42a much as in the 
embodiment shown in FIG. 2. Next, ring 42a is screwed 
onto the diaphragm head 14a leaving space 52 as before. 
The manner in which diaphragm 40 moves beween 
ridge 70 and diaphragm head 14a, is, preferably, identi 
cal to the manner in which diaphragm 40 moves in FIG. 
2. Similarly, the seal formed between diaphragm 40 and 
diaphragm head 14a at their respective peripheries is 
identical. . 

Stethoscope head 10 is used by contacting bell 12 or 
diaphragm head 14 or 14a with the patient’s skin in a 
manner well known in the art. When diaphragm head 
14 is used, upper surface 54 of diaphragm 40 is brought 
‘into contact with lower surface 56 of diaphragm head 
14 by the pressure provided by the patient’s skin. With _ 
surfaces 54 and 56 in contact, the sound emanating from 
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beneath the patient’s skin is transmitted through the 
diaphragm 40 into aperture 20. Just the slight pressure 
and resulting contact between surfaces 54 and 56 is 
suf?cient toprevent loss of sound energy around the 
periphery. Despite the prior art teachings‘to the con 
trary, this peripheral contact need not be clamped tight. 
There need be only suf?cient contact to prevent the 
passage of sound energy. 

Loosely af?xingv diaphragm 40 at its periphery as 
shown in FIG. 2 or 3 has certain advantages as alluded 
to earlier. In summary, this manner of construction 
allows diaphragm head 14 or 140 to operate in the low 
frequency range in a manner similar to that previously 
attainable with a bell without the attendant disadvan 
tages encountered with a bell. This is made possible by 
tightly controlling the manufacturing tolerances of dia 
phragm head 14 or 140 to produce a substantially planer 
lower surface 56. By fully and completely contacting 
surface 56 with surface 54 of diaphragm 40, sound leak 
age or introduction between surfaces 56 and 54 are 
effectively eliminated without the disadvantages associ 
ated with tightly clamping the two together as taught 
by the prior art. , 
From the foregoing, it will be apparent that all of the 

objectives of this invention have been achieved by the 
stethoscope head and loosely affixed diaphragm shown 
and described. It will also be apparent that various 

f modi?cations and changes may be made by those skilled 
in the art without departing from the spirit of the inven 
tion as expressed in the accompanying claims. There 
fore, all matter shown and described is to be inter 
pretated as illustrative and not in a limiting sense. 
What is claimed is: , p . _ 

1. A stethoscope head comprising: . 
a. a body having a bore therein; . 
b. a diaphragm head connected to the body and hav 

ing an aperture therein communicating with the 
bore in the body to conduct sound from the dia 
phragm head into the bore; 

0. a continuous and peripheral rim connected to the 
head; 

d. a diaphragm comprising: (1) a ?rst surface adapted 
to selectively engage the rim to prevent the passage 
of sound energy there between, (2) a second sur 
face spaced from the ?rst surface and (3) at least a 
single edge connecting the ?rst surface to the sec 
ond surface; and 

e. means for loosely af?xing the diaphragm to the 
head whereby the ?rst surface of the diaphragm 
and the rim are held in close proximity. 

2. The stethoscope head recited in claim 1 wherein 
the af?xing means comprises: 

a. means for peripherally supporting the diaphragm; 
and 

b. means for attaching the supporting means to the 
head. 

3. The stethoscope head recited in claim 2 wherein 
the supporting means comprises: 

a. a ridge juxtaposed the second surface of the dia 
phragm opposite the peripheral rim; and 

b. a vertical support juxtaposed the edge of the dia 
phragm and connected to the ridge. 

4. The stethoscope head recited in claim 3 wherein 
the attaching means comprises: 

a. a second ridge connected to the vertical support; 
and 
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b. a portion of the head having a notch therein 
adapted to selectively engage and retain the second 
ridge. 

5. The stethoscope head recited in claim 3 wherein 
the attaching means comprises: 

a. a portion of the vertical support having threads 
therein; and 

b. a portion of the head having threads therein 
adapted to selectively engage the threaded portion 
of the vertical support. 

6. A stethoscope head comprising: 
a. a body having a bore therein; 
b. a diaphragm head connected to the body and hav 

ing an aperture therein communicating with the 
bore in the body to conduct sound from the dia 
phragm head into the bore; 

0. a continuous and peripheral rim connected to the 
head; 

d. a planar diaphragm having a ?rst surface adapted 
to contact the rim to prevent the passage of sound 
energy there between; and 

e. means for loosely af?xing the diaphragm to the 
head whereby (l) the ?rst surface of the diaphragm 
and the rim are held in close proximity and (2) the 
?rst surface and the rim are capable of forming an 
acoustic seal there between. 

7. The stethoscope head recited in claim 6 wherein 
the affixing means comprises: 

a. means for peripherally supporting the diaphragm; 
and 

b. means for attaching the supporting means to the 
head. 

10 
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a. a second ridge connected to the vertical support; 
and 

b. a portion of the head having a notch therein 
adapted to selectively engage and retain the second 
ridge. 

10. The stethoscope head recited in claim 8 wherein 
the attaching means comprises: 

a. a portion of the vertical support having threads 
therein; and 

b. a portion of the head having threads therein 
adapted to selectively engage the threaded portion 
of the vertical support. 

11. In a stethoscope head comprising a body having a 
bore therein, a diaphragm head connected to the body, 
the diaphragm head comprising a sound receiving por 
tion and having an aperture therein communicating 
with the bore to conduct sound from the sound receiv 

‘ ing portion into the bore; a hollow stem snugly ?tted 
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8. The stethoscope head recited in claim 7 wherein ' 
the supporting means comprises: 

a. a ridge juxtaposed a second surface of the planar 
diaphragm opposite the peripheral rim; and 

b. a vertical support juxtaposed an edge of the dia 
phragm and connected to the ridge. 

9. The stethoscope head recited in claim 8 wherein 
the attaching means comprises: 

40 
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50 
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into the bore and having at least one opening capable of 
alignment with the bore; a diaphragm comprising upper 
and lower surfaces mounted across the sound receiving 
portion; and retaining means for mounting the dia 
phragm; the improvement wherein: ‘ 

a. the sound receiving portion comprises a substan 
tially planar peripheral surface capable of mating 
with a peripheral portion of the upper surface of 
the diaphragm to prevent the passage of sound 
energy there between; and 

b. the retaining means comprises means for loosely 
and peripherally mounting the 

diaphragm whereby: 
(l) movement of the diaphragm in a plane perpen 

dicular to the plane of the upper surface of the 
diaphragm is permitted; and 

(2) mating of the peripheral portion of the upper 
surface of the diaphragm and the substantially 
planar peripheral surface of the sound receiving 
portion is permitted whereby the passage of 
sound energy there between is prevented when 
the diaphragm is pressed against a surface. 

* * * 1k * 
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[57] ABSTRACT 
A stethoscope including a diaphragm head with a 
loosely affixed diaphragm exhibiting an increased fre 
quency response range. The diaphragm is peripherally 
supported adjacent the rim of the diaphragm head. The 
diaphragm is contacted with the head by the pressure 
applied by the underlying skin or clothing of the patient 
to eliminate sound leakage therebetween. 
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